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The	  objecAve	  of	  this	  project	  was	  to	  explore	  the	  inﬂuence	  of	  intact	  casein,	  
cooking	  temperature,	  and	  mixing	  speed	  on	  the	  melAng	  properAes	  of	  process	  
Cheddar	  cheese.	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Results	  
Process	  cheese	  is	  a	  food	  made	  through	  the	  heaAng	  and	  agitaAon	  of	  natural	  
cheese,	  emulsifying	  salts,	  and	  other	  opAonal	  ingredients	  (milk,	  whey,	  cream,	  
and	  acid).	  As	  natural	  cheese	  ages,	  its	  casein	  proteins	  gradually	  break	  down	  
due	  to	  enzyme	  acAvity,	  resulAng	  in	  lower	  levels	  of	  intact	  casein	  compared	  
with	  young	  cheeses.	  Process	  cheese	  makers	  vary	  the	  raAo	  of	  young	  to	  old	  
cheeses	  to	  produce	  a	  product	  with	  the	  desired	  amount	  of	  intact	  casein.	  The	  
amount	  of	  intact	  casein	  aﬀects	  the	  texture	  of	  the	  process	  cheese;	  too	  much	  
intact	  casein	  results	  in	  process	  cheese	  that	  is	  too	  ﬁrm	  but	  too	  lisle	  intact	  
casein	  results	  in	  process	  cheese	  that	  is	  too	  soC.	  The	  texture	  also	  aﬀects	  the	  
melAng	  properAes	  of	  process	  cheese.	  	  
The	  processing	  condiAons	  (in	  parAcular	  cooking	  temperature	  and	  mixing	  
speed)	  inﬂuence	  emulsion	  stability	  and	  therefore	  also	  eﬀect	  the	  melAng	  
properAes	  of	  process	  cheese.	  	  
Figure	  1.	  RelaAonship	  
between	  processing	  
temperature	  and	  ﬂow	  
distance	  in	  the	  tube	  melt	  
test.
Samples	  of	  process	  Cheddar	  cheese	  were	  obtained	  from	  South	  Dakota	  State	  
University.	  Samples	  varied	  on	  intact	  casein	  content	  (14.0%	  /	  15.5%),	  cooking	  
temperature	  (170°	  F	  /	  190°	  F),	  and	  mixing	  speed	  during	  processing	  (75	  rpm/
350	  rpm).	  MelAng	  properAes	  were	  evaluated	  using	  the	  following	  tests:	  
1.  Rapid	  Visco	  Analyzer	  (RVA)	  Test1	  
•  25	  grams	  of	  each	  sample	  (cut	  into	  1	  cm	  cubes)	  was	  placed	  in	  an	  RVA	  
canister	  and	  analyzed	  using	  a	  14-­‐minute	  melAng/cooling	  program.	  Samples	  
were	  heated	  from	  25	  to	  90°	  C	  over	  9	  minutes,	  held	  at	  90°	  for	  3	  minutes,	  
then	  cooled	  to	  25°	  over	  the	  ﬁnal	  6	  minutes.	  	  
•  Viscosity	  was	  measured	  throughout	  the	  test,	  and	  resulAng	  curves	  were	  
used	  to	  determine	  the	  melAng	  Ame,	  solidiﬁcaAon	  Ame,	  and	  hot	  viscosity	  of	  
the	  samples.	  	  
2.	  Tube	  Melt	  Test1	  
•  20	  grams	  of	  each	  sample	  was	  blended	  into	  a	  paste	  and	  pressed	  to	  a	  set	  line	  
in	  a	  glass	  tube.	  Tubes	  were	  placed	  in	  a	  forced	  draC	  oven	  at	  110°	  C	  for	  10	  
minutes,	  then	  removed	  and	  inverted	  to	  cool.	  	  
•  The	  distance	  of	  cheese	  ﬂow	  from	  the	  etched	  line	  was	  measured.	  	  
3.	  Fat	  Ring	  Test	  using	  Computer	  Vision2	  	  
•  	  Samples	  were	  sliced	  to	  a	  thickness	  of	  ¼	  in.	  using	  a	  mandolin,	  cut	  into	  17-­‐
mm	  disks,	  and	  heated	  on	  ﬁlter	  paper	  in	  a	  forced	  draC	  oven	  at	  110°	  C	  for	  10	  
minutes.	  	  
•  	  A	  computer	  vision	  system	  was	  used	  to	  capture	  the	  images	  and	  determine	  
the	  area	  of	  the	  oil	  ring	  produced.	  	  
Image	  2.	  MelAng	  curve	  generated	  
during	  RVA	  melt	  tests.	  	  
Image	  3.	  Tubes	  in	  a	  
forced	  draC	  oven	  during	  
the	  tube	  melt	  test.	  	  	  
Image	  4.	  Sample	  aCer	  melAng	  
during	  the	  fat	  ring	  test.	  The	  
outer	  ring	  shows	  the	  area	  of	  
the	  oil	  and	  the	  inner	  ring	  shows	  
the	  area	  of	  the	  melted	  cheese.	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Figure	  4.	  RelaAonship	  
between	  oil	  ring	  size	  and	  
intact	  casein	  determined	  
using	  the	  fat	  ring	  test.	  
Figure	  3.	  RelaAonship	  
between	  oil	  ring	  size	  and	  
processing	  temperature	  
determined	  using	  the	  fat	  
ring	  test.	  
Figure	  5.	  RelaAonship	  
between	  oil	  ring	  size	  and	  
mixing	  speed	  determined	  
using	  the	  fat	  ring	  test.
Eﬀect	  of	  intact	  casein	  	  
•  Samples	  with	  lower	  amounts	  of	  intact	  casein	  had	  on	  average	  a	  shorter	  
melAng	  Ame,	  longer	  solidiﬁcaAon	  Ame,	  and	  larger	  oil	  area.	  No	  signiﬁcant	  
diﬀerence	  was	  observed	  in	  ﬂow	  distance	  during	  melAng.	  	  
•  As	  cheese	  ripens	  and	  casein	  is	  broken	  down,	  the	  texture	  soCens	  and	  
melAng	  becomes	  easier.	  
•  Proteolysis	  aﬀects	  the	  emulsion	  stability	  of	  process	  cheese.	  As	  cheese	  ages,	  
emulsion	  stability	  is	  expected	  to	  increase	  as	  the	  fat	  globules	  increase	  in	  
number	  and	  decrease	  in	  diameter3.	  At	  a	  certain	  level	  of	  proteolysis,	  
however,	  emulsion	  stability	  will	  decrease	  and	  more	  oil	  will	  escape.	  	  
Eﬀect	  of	  cooking	  temperature	  	  	  
•  Samples	  processed	  with	  lower	  cooking	  temperatures	  had	  on	  average	  a	  
greater	  ﬂow	  distance	  and	  oil	  area.	  	  
•  These	  results	  were	  not	  expected.	  It	  was	  hypothesized	  that	  as	  temperature	  
increased	  a	  change	  in	  the	  protein	  structure	  would	  restrict	  structure-­‐forming	  
interacAons,	  resulAng	  in	  a	  soCer	  cheese	  with	  increased	  melAng	  ability4.	  
	  
Eﬀect	  of	  mixing	  speed	  
•  Samples	  processed	  with	  lower	  mixing	  speeds	  had	  on	  average	  a	  greater	  ﬂow	  
distance	  and	  oil	  area.	  	  
•  These	  results	  were	  consistent	  with	  the	  expected	  results;	  at	  higher	  speeds,	  
fat	  globule	  parAcle	  size	  was	  reduced,	  which	  allows	  for	  improved	  
emulsiﬁcaAon	  though	  improved	  protein-­‐protein	  interacAons5.	  	  
	  
Knowledge	  about	  how	  product	  formulaAon	  and	  processing	  parameters	  aﬀect	  
process	  cheese	  is	  important	  for	  the	  opAmizaAon	  of	  process	  cheese	  
manufacture.	  This	  knowledge	  also	  allows	  for	  producAon	  of	  process	  cheese	  
that	  ﬁts	  the	  melAng	  speciﬁcaAons	  desired	  for	  speciﬁc	  applicaAons.	  
Natural	  Cheese	  
SelecAon	  
• Based	  on	  age,	  pH,	  
ﬂavor,	  and	  intact	  
casein	  content	  
Grinding	  	  
Blending	  	  
• AddiAon	  of	  
emulsifying	  salts	  
• AddiAon	  of	  other	  
ingredients	  	  
Processing	  
• Direct	  steam	  
injecAon	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Image	  1.	  Typical	  processing	  steps	  in	  the	  producAon	  of	  process	  Cheddar	  cheese.	  
Table	  1.	  Results	  from	  RVA	  melt	  tests	  for	  samples	  made	  with	  various	  levels	  of	  
intact	  casein	  and	  processing	  condiAons.	  
Intact	  Casein(%)	   Temperature	  (°F)	  
Mixing	  Speed	  
(rpm)	  
Melt	  Time	  
(min.)	  
Hot	  Viscosity	  
(cP)	  
Time	  at	  5000	  cP	  
(min.)	  
SolidiﬁcaAon	  Time	  
(min.)	  
14.0	   170	   75	   5.7	   463	   10.6	   12.6	  
14.0	   190	   75	   5.9	   563	   10.7	   12.2	  
14.0	   170	   350	   5.5	   438	   10.8	   12.3	  
14.0	   190	   350	   5.7	   525	   11.1	   12.3	  
15.5	   170	   75	   6.3	   475	   11.1	   11.8	  
15.5	   190	   75	   5.9	   567	   11.2	   11.6	  
15.5	   170	   350	   6.0	   525	   10.4	   11.6	  
15.5	   190	   350	   6.2	   517	   10.6	   11.8	  
7.56	  
4.28	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Figure	  2.	  RelaAonship	  
between	  mixing	  speed	  and	  
ﬂow	  distance	  in	  the	  tube	  
melt	  test.	  
